The determination of the molecular weight of glycosaminoglycans has generally been accom plished by physical methods such as ultracentrifugal analysis (3, 5, 6) , light scattering (7), and osmo metry (5), or by measuring the reducing power of the terminal residue (8) (9) (10) .
These physical meth ods, however, are laborious and require relatively large amounts of material, especially for the analysis of molecular weight distribution, in which glycosaminoglycans are usually fractionated by gel chromatography.
To get over this difficulty, Robinson and Hopwood have recently used NaB3H4 for labeling of the reducing-end of glyco saminoglycan chains in their sensitive method for molecular weight determination (11) . On the other hand, the method based on estimation of reducing activity as an end group analysis is simple to use, but might be erroneous in the event of contamination with keratan sulfate, which is a common contaminant in chondroitin sulfate pre parations. One way out of these difficulties seems to be to determine the original reducing-end group of the glycosaminoglycans, prepared without degradation of their linkage region, by a rapid and sensitive method.
Therefore, estimation of the xylose content may provide a basis for calculating the average chain length of chondroitin sulfates (12) , if it is assumed that no xylose residues are situated in positions other than the reducing-end of the glyco saminoglycans.
In the previous papers (13, 14) , the author has demonstrated that the reducing-end sugar residues of some glucans with high molecular weight can be quantitatively separated as alditols by treatment with a strongly basic resin after reduc tion and acid hydrolysis of the polysaccharides. It is well known that chondroitin sulfate chains are attached to the core protein by the glycosidic linkage between xylose and serine and that the reducing-end xylose may be converted to xylitol by reductive (3-elimination cleavage. The reducingend estimation of chondroitin sulfates, therefore, might be achieved by the application of the above technique to the determination of the reducingend xylitol. hydroxide. After 1 day, Pronase (8 mg) was added to the reaction mixture and the proteolytic digestion was continued overnight.
The turbid solution was subjected to centrifugation to remove insoluble material.
The supernatant was treated with trichloroacetic acid and subjected to the procedures for isolation and purification of chon droitin sulfates exactly as described above. The yields of chondroitin sulfates from the three kinds of cartilage were very close to those from the alkali extraction. Determination of Xylitol and Xylose of Chon droitin Sulfates-Are all of the xylose residues of chondroitin sulfates situated in the reducing-end position?
The xylitol and xylose of A-and Pchondroitin sulfates were carefully determined in order to settle this point. An accurate determina tion of trace sugar components of a polysaccharide with high molecular weight may be achieved by GLC only if they can be quantitatively separated from the polysaccharide.
A-Chondroitin sulfates, therefore, were subjected to the microchemical method previously developed for the isolation and determination of the reducing-end alditol of re duced polysaccharides (13, 14) . This method, in which alditols can be quantitatively separated from mixtures with large amounts of reducing mono saccharides in a high state of purity by treatment with a strongly basic resin, makes it feasible to determine the reducing ends of polysaccharides of high molecular weight. In the present investiga tion, model studies gave excellent recoveries of xylitol from known mixtures with large amounts of hexosamine and hexuronate upon such treat ment with a basic resin. In contrast, no alditols were found from any of P-chondroitin sulfates.
With the aim of assessing the xylitol contents estimated above, the xylose of both A-and Pchondroitin sulfates was determined by GLC after separation from the polysaccharides.
Since xylose was analyzed as xylitol acetate, the amount of xylose of A-chondroitin sulfates was derived by subtracting the xylitol content from the analytical value obtained.
No significant difference, how ever, was detected between the values obtained by the two analytical methods from each A-chondroi tin sulfate, indicating that A-chondroitin sulfates are virtually free from xylose (Table I) . This result was supported by the observations that no appreciable amounts of xylose acetate were de tected when A-chondroitin sulfates were analyzed for xylose without carrying out the reduction re action.
On the other hand, the analysis of Pchondroitin sulfates afforded peaks derived from xylose and galactose on gas chromatograms ( Table I that all of the xylose of the chondroitin sulfate chains was situated in the reducing-end position and was quantitatively converted to xylitol by reductive p-elimination during the extraction with alkaline sodium borohydride. Consequently, the number average molecular weight (Mn) of the chondroitin sulfates was calculated from the ratio of polysac charide weight to xylitol content, assuming that one xylose residue occupies the reducing-end posi tion of each glycosaminoglycan chain of chon droitin sulfate-protein complexes. The weight of polysaccharide was derived from the molar pro portion of hexuronate assayed. The molecular weight (Mn=18,600, sodium salt) thus obtained from the A-chondroitin sulfate of bovine nasal cartilage is in reasonable agreement with the values previously reported by osmometry (Mn=20,800) (4) and by the estimation of the end-group labeled with NaB3H4 (Mn=21,000) (21) . It is noteworthy that the molecular weight obtained by the present method is not higher than those previously ob tained by other methods. This finding may permit the following deductions. (a) A selective degra dation of the reducing-end xylose can be ruled out, at least under the present conditions of preparing the chondroitin sulfates. (b) No other type of chondroitin sulfate-protein linkage involving xylose is present. These suggestions are in harmony with those previously presented by Robinson and Hopwood (21, 11) . On the other hand, the mo lecular weights found for the A-chondroitin sulfates of whale nasal cartilage (B. acutorostrata, Mn= 22,400; P. catodon, Mn=20,600) were higher than that of the bovine A-chondroitin sulfate. The macromolecular properties of A-chon droitin sulfates are shown by the elution profiles from Sephadex G-200 (Fig. 3) . The xylitol con tent of each fraction was plotted against the elution volume, defined as the position dividing the elution area in half. The molecular weight of the poly saccharide in each fraction was calculated from the molar proportion of xylitol as described above. Figure 3 clearly shows that the progress of elution of the polysaccharides from the gel column was accompanied by an increase of the xylitol pro portion and, consequently, by a decrease of the molecular weight. The 12 fractions of the Achondroitin sulfate of bovine nasal septum showed molecular weights ranging from 8,200 to 43,900. This range of molecular weight, which was derived from the chondroitin sulfate of a single animal, is appreciably wider than those previously reported for chondroitin sulfates prepared from pooled nasal septa (4, 5, 21) . This difference may be largely ascribed to the fact that the chondroitin sulfates eluted from gel columns have generally been fractionated into comparatively large frac tions since the physical methods for molecular weight estimation, including osmometry, require relatively large amounts of material (4, 5) . In addition, the end-group estimation combined with NaB3H4 reduction of the reducing ends was not successful for the chondroitin sulfate fractions of lower molecular weight, owing to contamination with keratan sulfate (21) . Judging from the present result, the polysaccharides with molecular weight lower than 10,000 may comprise a signifi cant part of the bovine chondroitin sulfate prepa ration. The chondroitin sulfate of whale nasal cartilage (B. acutorostrata) was also observed to have a high degree of polydispersity (10 ,100-61,300). Similarly, a wide range of molecular weight was observed for the chondroitin sulfate of another whale, P. catodon. In order to correlate elution behavior in gel chromatography and molecular weight, the parti tion coefficient Kav (26) and the elution volume of each fraction were plotted against the log of the corresponding molecular weight. The void volume and the total volume of the Sephadex G-200 col umn were determined by chromatography of a high molecular weight dextran and glucose, respectively. As shown in Fig. 4 , linear relationships were ob served for the chondroitin sulfates of both bovine and whale. These results appear to support the above observation that indiscriminate degradation of the chondroitin sulfate chains did not occur to any significant extent during their isolation . This interpretation is compatible with the suggestion by 
